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(57) A process for manufacturing a deep trench ca-
pacitor in a trench. The capacitor comprises a collar in
an upper region of the trench and a buried plate in a
lower region of the trench. The improvement comprises,
before forming the collar in the trench upper region, fill-
ing the trench lower region with a non-photosensitive

Process for manufacture of trench DRAM capacitor

underfill material such as spin-on-glass. The process
may comprise the steps of (a) forming a deep trench in
a substrate; (b) filling the trench lower region with an
underfill material; (c) forming a collar in the trench upper
region; (d) removing the underfill; and (e) forming a bur-
ied plate in the trench lower region.
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Description

TECHNICAL FIELD

[0001] The present invention relates generally to
semiconductor circuitry and, more specifically, to the
manufacture of Dynamic Random Access Memory
(DRAM) deep trench storage capacitors and buried
plates in such capacitors.

BACKGROUND OF THE INVENTION

[0002] Dynamic Random Access Memory (DRAM)
cells within semiconductor circuits typically incorporate
deep trench storage capacitors. As the lithographic
ground rules used to pattern such deep trench storage
capacitors continue to diminish with each successive
generation of DRAM technology, it is desired to reduce
process complexity and to increase manufacturing tol-
erances. Buried plate diffusion regions are commonly
used to connect the plate region of a deep trench stor-
age capacitor array. Current processes for making such
buried plate diffusion regions add process steps and
process complexity, however, to the cost-sensitive
DRAM manufacturing process.

[0003] Forexample, a standard process for manufac-
turing DRAM trench capacitor buried plates may com-
prise:

(a) etching a trench in a surface of a substrate;
(b) forming a barrier layer on the trench side wall;
(c) filling the trench with photoresist;

(d) etching the photoresist to a predetermined
depth, controlling the depth by the amount of etch
time, the depth defining a filled lower region and an
exposed upper region;

(e) removing the barrier layer in the upper region to
expose the underlying side wall;

(f) stripping the photoresist;

(g) forming a collar on the side wall upper portion,
using the barrier layer as a mask in the lower region;
and

(h) forming a buried plate diffusion region in the
trench lower region, using the collar as a mask for
the upper portion.

The above process, using a photoresist fill and etch
step, is commonly called a photoresist recess tech-
nique. Because the steps of filling with photoresist and
etching add process complexity, it is desirable to simplify
and shorten the process for formation of buried plate dif-
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fusion regions in deep trench storage capacitors by
eliminating the photoresist fill and etch steps.

[0004] The deficiencies of the conventional methods
used to manufacture DRAM deep trench storage capac-
itors and buried plates in such capacitors show that a
need still exists for an improved process. To overcome
the shortcomings of the conventional methods, a new
process is provided. An object of the present invention
is to simplify and shorten the process for formation of
buried plate diffusion regions in deep trench storage ca-
pacitors. A related object is to eliminate the photoresist
fill and etch steps typically used in conventional meth-
ods.

SUMMARY OF THE INVENTION

[0005] To achieve these and otherobjects, and in view
of its purposes, the presentinvention provides a process
for manufacturing a deep trench capacitor in a trench.
The capacitor comprises a collar in an upper region of
the trench and a buried plate in a lower region of the
trench. The improvement comprises, before forming the
collar in the trench upper region, filling the trench lower
region with a non-photosensitive underfill material. The
process comprises the steps of (a) forming a deep
trench in a substrate, the trench having side walls, a bot-
tom, an upper region, and a lower region; (b) filling the
trench lower region with the non-photosensitive underfill
material, such as spin-on-glass; (c) forming a collar in
the trench upper region; (d) removing the underfill; and
(e) forming a buried plate in the trench lower region.
[0006] The process of the present invention may be
performed sequentially in a first order (a), (b), (c), (d),
(e), or in a second order (a), (b), (d), (c), (e). When the
process is performed in the first order, step (c) may com-
prise (i) conformally depositing a dielectric material,
such as an oxide or oxynitride, by chemical vapor dep-
osition (CVD) over the substrate (or pad film over the
substrate), the trench side walls, and the underfill; then
(ii) etching the dielectric over the pad film and the un-
derfill, leaving a dielectric collar on the trench side walls.
[0007] When the process is performed in the second
order recited above, the process may further comprise,
between steps (a) and (b), the step of forming a barrier
film over the substrate (or pad film over the substrate),
the trench side walls, and the trench bottom. Such proc-
ess may then further comprise, between steps (b) and
(d), a step of removing the barrier film from the trench
side walls in the upper region. Then, step (c) may com-
prise growing the collar by thermal oxidation.

[0008] Thus, the present invention may comprise the
process of sequentially performing the steps of: (a)
forming a pad film layer over a substrate; (b) forming a
deep trench through the pad film layer and into the sub-
strate; (c) filling the trench lower region with spin-on-
glass underfill; (d) conformally depositing a dielectric
material over the pad film, the trench side walls, and the
spin-on-glass underfill; (e) etching the dielectric material
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over the pad film and the spin-on-glass underfill, leaving
a collar of dielectric material on the trench side walls in
the trench upper region; (f) removing the spin-on-glass
underfill; and (g) forming a buried plate in the lower re-
gion.

[0009] The invention also may comprise the process
of sequentially performing the steps of: (a) forming a pad
film layer over a substrate; (b) forming a deep trench
through the pad film layer and into the substrate; (c)
forming a barrier film over the substrate, the trench side
walls, and the trench bottom; (d) filling the trench lower
region with spin-on-glass underfill; (e) etching the bar-
rier film from the trench side walls in the upper region;
(f) removing the spin-on-glass underfill; (g) thermally ox-
idizing the trench side walls in the upper region to grow
a collar; and (h) forming a buried plate in the lower re-
gion.

[0010] It is to be understood that both the foregoing
general description and the following detailed descrip-
tion are exemplary, but are not restrictive, of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWING

[0011] The invention is best understood from the fol-
lowing detailed description when read in connection with
the accompanying drawing. It is emphasized that, ac-
cording to common practice, the various features of the
drawing are not to scale. On the contrary, the dimen-
sions of the various features are arbitrarily expanded or
reduced for clarity. Included in the drawing are the fol-
lowing figures:

Fig. 1 is a schematic cross-section illustrating a
deep trench formed, as a first step in the process of
manufacture according to an exemplary embodi-
ment of the present invention, in a substrate and in
a pad layer disposed over the substrate;

Fig. 2 is a schematic cross-section illustrating an
underfill deposited, as a second step in the process
of manufacture according to the exemplary embod-
iment of the present invention, in the deep trench
shown in Fig. 1;

Fig. 3 is a schematic cross-section illustrating a col-
lar formed, as a third step in the process of manu-
facture according to the exemplary embodiment of
the presentinvention, on the side walls in the upper
region of the trench not filled with underfill;

Fig. 4 is a schematic cross-section illustrating the
removal of the underfill, from the lower region of the
trench, as a fourth step in the process of manufac-
ture according to the exemplary embodiment of the
present invention;

Fig. 5 is a schematic cross-section illustrating for-
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mation of a buried plate in the substrate, the final
step in the process of manufacture according to the
exemplary embodiment of the present invention;

Fig. 6 is a schematic cross-section illustrating an al-
ternative exemplary embodiment of the present in-
vention in which the trench is first coated with a thin
barrier film before the underfill is deposited in the
trench; and

Fig. 7 is a schematic cross-section illustrating the
next step, of the alternative exemplary embodiment
of the present invention, in which the underfill is re-
moved from the lower region and a collar is formed
in the upper region of the trench.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Referring now to the drawing, wherein like ref-
erence numbers refer to like elements throughout, Figs.
1 through 5 illustrate a deep trench in the process of
manufacture according to an exemplary embodiment of
the present invention. First, as shown in Fig. 1, a deep
trench 10 is formed in a substrate 12 using conventional
techniques well known to those skilled in the art, for ex-
ample, by photolithography and dry etching, such as re-
active ion etching (RIE). Substrate 12 typically has dis-
posed over substrate 12 a pad layer 14, such as a silicon
nitride (SiN) film having a thickness of about 10 nm to
about 500 nm. When pad layer 14 is present, trench 10
penetrates both pad layer 14 and substrate 12, as
shown in Fig. 1, and trench 10 has a depth of about 3
um to about 10 um in substrate 12.

[0013] After the trench etch step, an non-photosensi-
tive material, forming underfill 16, is applied as shown
in Fig. 2. Underfill 16 may be, for example, a spin-on-
glass (SOG) film. This step is typically performed on a
clean track (not shown) that combines one or more coat-
ing stations, a series of baking and heating plates, and
a handler robot, as is well-known in the art.

[0014] The SOG application process typically com-
prises depositing a wafer (not shown) on a chuck (not
shown) of a coating station (not shown), applying a fixed
amount of SOG liquid pre-cursor (not shown) through a
nozzle (not shown), and accelerating the wafer to a cir-
cular motion at a certain spin-coating velocity. For better
uniformity, it may be advantageous to start spinning at
a moderate, dynamic dispense speed before applying
the SOG liquid pre-cursor. The final SOG liquid pre-cur-
sor film thickness is determined not so much by the
amount of deposited precursor, but by the circular ac-
celeration and the final spin speed, typically on the order
of about 1,000 to 5,000 rpm. For typical, commercially
available SOG materials, such as the Flowable Oxide
FOx® material manufactured by Dow Corning of Mid-
land, Michigan, such processing leads to films having a
thickness of between about 250 to about 10,000 Ang-
stroms with uniformity of typically 0.5% ¢ on a planar
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substrate. Depending upon the material used and the
deposition target, multiple coatings may need to be ap-
plied.

[0015] After leaving the spin coater, the wafer is
baked, such as on a series of hotplates (not shown). The
hotplates typically operate at a temperature of between
about 70°C and about 350°C. Some hotplates can
reach temperatures of approximately 450°C. The bak-
ing step is performed under a controlled atmosphere to
drive out solvents in the SOG precursor, to reflow the
SOG film for optimum uniformity and gap-fill, and to in-
itiate cross-linking of the precursor into an amorphous
SOG mesh. Depending on the material used and the
deposition target, multiple coating and baking sequenc-
es may need to be applied.

[0016] Oxide films thus deposited are less dense than
Pressure Enhanced Chemical Vapor Deposition
(PECVD) oxides and consequently have a higher wet
etch rate. Although additional thermal treatment can in-
crease the SOG oxide density, the SOG still typically
maintains an increased wet etch rate in restricted ge-
ometry such as the trenches present in the subject in-
vention.

[0017] The planarizing and gap-filling capabilities in-
herent in the use of the liquid SOG pre-cursor are ad-
vantageous to filling the trenches to the desired height.
FOx® material is particularly self-planarizing and tends
to flow to fill between elevated structures unless the el-
evated structures are laterally smaller than a material-
specific "flow length" of about 20 um. Thus, in the
present application, the SOG film builds to the same
thickness in unpatterned regions of the wafer as it does
on a flat wafer, but in patterned regions it fills the trench-
es first before material accumulates between or above
the trenches. Thus, the level of fill in the trenches can
be estimated by determining the volume of trenches in
a given area and comparing the trench volume to the
volume of film that would be deposited on a flat substrate
having the same area. Dummy structures are typically
formed at the edge of the trench-patterned area to en-
sure good uniformity of fill in all active trenches.

[0018] Thus, using a SOG process, the fill height is
determined by the deposition parameters and by the ge-
ometry of the trenches and the trench-patterned region,
rather than by an etch process as in a photoresist recess
step. Because of adhesion effects, a small film of SOG
material may stick to the side walls of the trenches. This
film can be easily removed by an isotropic etch process,
such as a short dip in very dilute hydrofluoric acid (HF),
for example a dip of 30 seconds to 3 minutes in a 40:1
to 500:1 (deionized water:hydrogen fluoride) solution.
[0019] As shown in Fig. 3, in a preferred embodiment
of the present invention, a side wall spacer of collar 18
is formed on side walls 20 in the upper region 22 (the
portion of trench 10 not filled with underfill 16) of trench
10. Collar 18 may be formed by a conformal deposition
of dielectric material such as a CVD oxide or a nitrogen-
containing oxide (oxynitride) over substrate 12 (or over

10

15

20

25

30

35

40

45

50

55

pad layer 14 on substrate 12), over trench side walls 20,
and over underfill 16. Next, an anisotropic dry etch, such
as RIE, is used to remove the dielectric material from
any horizontal surfaces (over substrate 12, or pad layer
14, and over underfill 16), leaving only collar 18 on side
walls 20. The depth of collar 18 is thus determined by
the upper extent of underfill material 16. The RIE etchant
may comprise a feed gas combination including, but not
limited to, one or more of CF,, CHF3, NF3, O,, N,, or Ar.
[0020] As shown in Fig. 4, underfill material 16 may
then be wet stripped from the lower region 24 of trench
10 using, for example, an HF-containing solution. Ac-
cordingly, the material of collar 18 is chosen to provide
wet etch selectivity to underfill 16. Oxynitride is a suita-
ble material for collar 18. Therefore, collar 18 serves as
a mask in upper region 22 during subsequent steps to
form the buried plate in lower region 24.

[0021] Next, as shown in Fig. 5, buried plate 26 is
formed as an out-diffusion in substrate 12. The out-dif-
fusion that forms buried plate 26 may be formed using
arsenosilicon glass (ASG) drive-in, plasma doping
(PLAD), plasma ion implantation (PIll), gas-phase diffu-
sion, or other techniques known in the art.

[0022] Referring now to Figs.6and 7, in an alternative
embodiment, trench 10 of Fig. 1 may be first coated with
a thin barrier film 30. Barrier film 30 may typically be a
SiN film deposited by CVD to a thickness of about 3 um
to about 20 nm. Then, underfill 16 may be deposited in
trench 10 as described previously. Barrier film 30 may
then be removed from upper region 22 of trench 10, typ-
ically by a chemical etch such as with a wet solution con-
taining phosphoric acid or HF. Underfill 16 masks lower
region 24 during removal of barrier film 30 in upper re-
gion 22.

[0023] Then, as shown in Fig. 7, underfill 16 is re-
moved from lower region 24, such as by stripping with
an HF-containing chemical, and collar 32 is formed in
upper region 22, such as by thermal oxide growth by a
local oxidation process (LOCOS). Such a local oxidation
step may comprise exposure to oxygen (O,) or water
(H,O) at a temperature of between about 800°C and
about 1,100°C. Barrier film 30 masks lower region 24
from the oxide growth process. Barrier film 30 may then
be removed, and collar 32 in upper region 22 may then
serve as a mask for the subsequent formation of buried
plate 26 by out-diffusion, as described above. Alterna-
tively, collar 32 may serve as an isolation collar.

[0024] Although illustrated and described above with
reference to certain specific embodiments, the present
invention is nevertheless not intended to be limited to
the details shown. Rather, various modifications may be
made in the details within the scope and range of equiv-
alents of the claims and without departing from the spirit
of the invention.



7 EP 1073 115 A2 8

Claims

A process for manufacturing a deep trench capac-
itor in a deep trench wherein the capacitor compris-
es a collar in an upper region of said trench and a
buried plate in a lower region of said trench wherein
the improvement comprises, before forming said
collar in said trench upper region, filling the trench
lower region with a non-photosensitive underfill ma-
terial.

The process of claim 1 wherein said underfill mate-
rial is spin-on-glass.

The process of claim 1 further comprising the steps:
(a) forming said deep trench in a substrate;

(b) filling the trench lower region with said non-
photosensitive underfill material;

(c) forming said collar in the trench upper re-
gion;

(d) removing said underfill; and

(e) forming said buried plate in said lower re-
gion.

The process of claim 3 wherein the recited steps
are performed sequentially in an order (a), (b), (c),

(d), (e).

The process of claim 4 further comprising, before
step (a), creating a pad film over said substrate and,
in step (a), forming said trench through said pad film
and into said substrate.

The process of claim 4 wherein step (d) comprises
removing said underfill by wet stripping with a
chemical solution containing hydrogen fluoride.

The process of claim 4 wherein step (e) comprises
forming said buried plate using a method selected
from the group consisting of ASG drive-in, plasma
doping, plasma ion implantation, and gas phase dif-
fusion.

The process of claim 4 wherein step (c) comprises:

(i) conformally depositing a dielectric material
over said substrate, said trench side walls, and
said underfill; and

(ii) etching said dielectric material over said
substrate and said underfill, leaving a dielectric
collar on the trench side walls.
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9.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

The process of claim 8 wherein step (c)(i) compris-
es depositing said dielectric material by chemical
vapor deposition, wherein said dielectric material is
one of an oxide and an oxynitride.

The process of claim 9 wherein step (c)(ii) compris-
es etching said dielectric over said substrate and
said underfill by an anisotropic dry etch.

The process of claim 10 wherein step (c)(ii) com-
prises etching said dielectric over said substrate
and said underfill by reactive ion etching.

The process of claim 4 wherein step (b) of filling the
trench lower region with non-photosensitive under-
fill comprises applying a spin-on-glass film.

The process of claim 3 wherein the recited steps
are performed sequentially in an order (a), (b), (d),

(), (e).

The process of claim 13 wherein said trench further
comprises side walls and a bottom, the process fur-
ther comprising, between steps (a) and (b), a step
of forming a barrier film over said substrate, said
trench side walls, and said trench bottom.

The process of claim 14 wherein a pad film exists
over said substrate and the step of forming the bar-
rier film comprises forming said barrier film over
said pad film.

The process of claim 14 further comprising, be-
tween steps (b) and (d), a step of removing the bar-
rier film from said trench side walls in said upper
region.

The process of claim 16 further comprising remov-
ing the barrier film with a chemical etch.

The process of claim 17 wherein the chemical etch
step comprises etching with a wet solution contain-
ing phosphoric acid.

The process of claim 16 wherein step (c) comprises
growing said collar by thermal oxidation.

The process of claim 13 wherein step (b) of filling
the trench lower region with non-photosensitive un-
derfill comprises applying a spin-on-glass film.

A process for manufacturing a deep trench capac-
itor, the process comprising sequentially performing
the steps of:

(a) forming a pad film layer over a substrate;

(b) forming a deep trench through said pad film
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layer and into said substrate, said trench having
side walls, a bottom, an upper region, and a
lower region;

(c) filling the trench lower region with spin-on- %
glass underfill;

(d) conformally depositing a dielectric material
over said pad film, said trench side walls, and
said spin-on-glass undeffill; 10

(e) etching said dielectric material over said
pad film and said spin-on-glass underfill, leav-
ing a collar of dielectric material on the trench
side walls in the trench upper region; 15

(f) removing said spin-on-glass underfill; and

(g) forming a buried plate in said lower region.
20
22. A process for manufacturing a deep trench capac-
itor, the process comprising sequentially performing
the steps of:

(a) forming a pad film layer over a substrate; 25

(b) forming a deep trench through said pad film
layer and into said substrate, said trench having
side walls, a bottom, an upper region, and a
lower region; 30

(c) forming a barrier film over said substrate,
said trench side walls, and said trench bottom;

(d) filling the trench lower region with spin-on- 35
glass underfill;

(e) etching the barrier film from said trench side
walls in said upper region;

40
(f) removing said spin-on-glass underfill;
(g) thermally oxidizing said trench side walls in
said upper region to grow a collar; and

45
(h) forming a buried plate in said lower region.
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